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U N I V E R S I T Y  O F  S A N  D I E G O  C O L L E G E  O F  A R T S  &  S C I E N C E S
• Climate change is expected to intensify drought in many
regions. Freshwater ecosystems can experience changes in
water temperature, conductivity, water level, and
concentrations of dissolved oxygen.
• Increased severity and frequency of droughts threaten the
survival of aquatic invertebrates in freshwater ecosystems.
Luckily, aquatic invertebrates have adapted traits that can
allow them to survive and/or recover from local droughts.
• One mechanism that some aquatic invertebrates have
adapted to survive local drought is dispersal. Aquatic beetles




Research Question: What is the combined effect of 
temperature and water level on dispersal in 
Haliplidae?
Conclusions & Implications5
• Beetles collected from Corte Madera
Pond, CA, maintained in laboratory on
brine shrimp for 2 weeks, and placed
in 60mL plastic cups with sediment
and a wooden perch.
• Fully factorial experiment with 9 
treatment combinations of 
temperature and water level (N= 90)
• Insect barrier glue was applied to the 
inside of plastic bins to capture 
dispersed beetles and differentiate 
between crawling and flying dispersal.
• Two-way ANOVA and Tukey-Kramer 
post-hoc comparisons in R tested the 
model:  
Dispersal ~ Temperature x Water Level
• Temperature was a primary driver of dispersal
• Water level affected dispersal only at low temperature
• Possible evidence of a temperature threshold between the low
and medium temperatures (8˚C - 16˚C)
• Above this threshold, the habitats may have became so
unsuitable that almost all beetles dispersed regardless
of water level
• Dispersal can connect geographically separated populations,
ultimately promoting biodiversity
• Being able to predict behaviors, such as dispersal, in response
to extreme climate events can help biodiversity conservation
efforts
Figure 3. Graphic of experimental design. (a) Incubators were set to 8˚C, 16˚C, or
24˚C. (b) Aerial view of the containers. (c) Lateral view of cup with 1 cm sediment, a
wooden perch, and a water level of 0 cm, 0.5 cm, or 2.5 cm.
An increase in temperature drove dispersal 
• We chose to investigate the 
effect of temperature and 
water level on dispersal in a 
common and widely-
distributed family of aquatic 
beetles, the Haliplidae   
(Figure 1).
Figure 9. Corte Madera Pond, CA. 
Figure 4. Mean proportion (± 2 SE) of beetles that dispersed at the three
temperatures. Temperature had an effect on dispersal (ANOVA: F2, 81 = 134.760 , p <0.001).
Dispersal was greater at medium and high temperatures than at low temperature
(Pairwise comparison, Tukey-Kramer: 95% CI: (0.022,0.578) , p = 0.024). Significant


























Water Level Low Medium HighOverall, water level did not drive dispersal 
Figure 5 Mean proportion (± 2 SE) of beetles that dispersed at the three water levels.































Figure 6. Mean proportion (± 2 SE) of beetles that dispersed. An interactive effect of
temperature and water level on dispersal was present (ANOVA: F2, 81 = 2.324, p =
0.0634). At low temperature, dispersal was greater at low water level than at high water
level by 0.300 (Tukey-Kramer: 95% CI: (0.022,0.578), p = 0.024). Significant
differences at α = 0.05 are indicated by letters (A, B, C).
A decrease in water level drove dispersal 
only at low temperature 
Figure 7 Mean proportion (± 2 SE) of beetles that dispersed by flying (a) or by crawling
(b) at the three temperatures. Temperature affected flying (ANOVA: F2, 81 = 35.121, p <
0.001) and crawling (ANOVA: F2, 81 = 5.060, p = 0.0085). Significant differences at α =
0.05 are indicated by letters (A, B).
a) b)
Temperature had a greater effect on flying
than on crawling 
Figure 2. Sampling at 
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